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I had the equation wrong for computing the a2 and a3 terms.

This memo has it right.

I am not sure that level of detail needs to be in the memo, but I

wanted to check the cals so we could show Linda how to set up the

model.
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1.  Modeling Indoor IH Jobs





A plot of the log-transformed IH data for indoor trionizing jobs (Figure 1 in Borton 2012) shows that the rate of decline is probably not uniform over the time period from 1972-1994, but may be divided up into phases:


· 1972-1975 (intermediate slope)


· 1976-1980 (steepest slope)


· 1981-1994 (shallow slope)


This division into 3 phases is also informed by and consistent with our understanding of the times that engineering controls were installed and the relative efficiency of those controls (began about 1972, most progress achieved in 1976-1979).





Based on this, the goal is to fit a 3-part model to the indoor IH data.  This could be a 3-segment linear model, but to avoid having the model go negative in the later years, we will start with a 3-part exponential model (since an exponential can be quite linear when needed, and cannot go negative).  There will be three separate b terms that are common across all indoor jobs, but which vary between the time periods:





	C1(1972-1975) = a1*exp(-b1*t)


	C2(1976-1980) = a2*exp(-b2*t)


	C2(1981-1994) = a3*exp(-b3*t)





As before, t is defined as (date of sampling – 1/1/1970) / 365.25.  Thus t is the number of years from 1970 to sampling.  Using this time scheme, the cut point between curve 1 and curve 2  is t = 5, and the cut point between curve 2 and curve 3 is t = 10.





The a1, a2, and a3 terms are all job specific.  However, to ensure each fit is continuous, the additional constraints are imposed:





	a2 = C1(5) / exp(-b2*5) = a1*exp(-b1*5) / exp(-b2*5) = a1*exp(5*(b2-b1))


	a3 = C2(10) / exp(-b3*10) = a2*exp(-b2*10) / exp(-b3*10) = a2*exp(10*(b3-b2))


	


Thus, there are still just 7 “a” parameters (one for each job), but there are now 3 rather than just 1 b parameter.





Note: discussions about performing exponential modeling with a data cutoff of 1980 are subsumed in the plan above, so there is no need (at least not now) to do that separately.
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2. Modeling Outdoor Trionizing Jobs





It is expected that the time course of decrease in outdoor jobs (track unload and track other) is not strongly related to the rate of decrease in indoor jobs.  Hence, the model applied to the outdoor jobs need not be the same as for indoor.  Two alternatives that will be tested include:





· Two part exponential, with a break point at 1981 (common b term for both jobs)


· Two part linear, with a break point at 1981





As above, the a terms are constrained so the fit is continuous.





The break point of 1981 is chosen because this is the year that Libby vermiculite use was discontinued.





3. Goodness of Fit Statistics





To help compare between models, a GOF statistic will be computed for each model fitting exercise.  At a minimum, this could be the mean square error, but other GOF statistics may also be valuable (need input from Linda on what is best). 
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